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Bis electrophoresis equipment in Battelle's Geneva 
laboratory is utlized for the separation of charged 
particles and the measurement of their mobility. The 
operator is investigating proteins. With the equipment, it 
is possible for her to separate various proteins in a 
solution and to study their homogeneity, relative 


concentrations, and charge. 
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Diversification 


—Nationwide 


NE OF THE EFFECTS OF INDUSTRIAL research is to broaden the 
footing of a nation’s economy, and thus contribute to economic 
stability. By creating a greater variety of productive enterprises, 
research makes the whole system less dependent on any one industry, 


and thus less subject to its vagaries. 


The current situation in the United States is a good example of how 
a broadened economic base helps an economy maintain its 
equilibrium. At midyear, the automobile industry—one of the mainstays 
of the economy-—was depressed. Agriculture was also depressed, 
and the farm machinery industry was slowed down drastically. The 
textile industry, electrical applicance industry, and several other major 
contributors to the country’s national income were beset with inventory 
and sales problems. Yet, at midyear, employment, was at an all-time 
high, and the trend of over-all national income was upward. Most 
economists expect the gross national production of goods and services 
to reach a new high in 1956, surpassing the 1955 record by 


several per cent. 


Heavy capital expenditures are regarded as the main factors offsetting 
the current declines in a few industries. These capital expenditures are 
intensifying activity in certain fields, such as building materials, 
railroad equipment, and machine tools production. In turn, they are 
enabling the maintenance of high consumer purchasing power for 


thousands of products and services. 


Significantly, much of the heavy capital spending has been generated 
by the need to put to work the results of recent applied research. 
Many of the plants now being built will manufacture products that did 
not exist as commercial possibilities a few years ago. Backing up 
these actual capital expenditures is the enthusiasm industry has for still 
greater growth as it views the current progress being made in the 
laboratory. It is, perhaps, also significant that the consumer product 
industries that are booming are, for the most part, those that have 


been stimulated by recent applied research. 


Research has diversified the nation’s productive efforts, just as it has 
diversified the operations of various individual companies. Because of 
diversification, the economy can apparently take a few rebuffs and still 
push ahead with vigor. Perhaps, such diversification is the best answer 


to the economic problems of many of the world’s countries today. 


Tae) 


President and Director, 
Battelle Memorial Institute 





VIGNETTE 
PROCESS METALLURGIST 


HaroLtp W. Lownie, Jr. 


Applied research for industry should 
be designed to benefit both industry and 
the consumer. Harold W. Lownie, Jr., 
who directs process metallurgy research 
at Battelle, points out: “Unless a_ profit 
can be made from a development, no 
company can afford to manufacture the 
new product or to utilize the new proc- 
ess. The wise course is to determine first 
if planned investigations will be worth- 
while economically.” Hal's belief in this 
approach to research has led to savings 
for companies and to more effective use 
of research facilities. 


Technically, Hal's interests cover many 
phases of process metallurgy. He has 
participated in and guided studies in 
cupola melting processes, molding sands, 
foundry core mixes, and refractories. He 
has also studied problems on gray iron 
production, properties, and applications. 
His interests cover the manufacture, uses, 
properties, and specifications of gray 
iron, malleable iron, and steel castings. 


The application of solid fuels to metal- 
lurgical processes (particularly blast fur- 
naces) is another field of interest. Hal 
has been particularly concerned about 
electric-furnace practice, especially the 
arc furnace, which he feels is not being 
used to its full potentialities. 


Prior to joining Battelle in 1945, Hal 
served as a materials engineer and later 
as a foundry engineer with Westing- 
house Electric Corporation. During that 
period, he specialized in work on ferrous 
castings and on the control and develop 
ment of gray iron melting and molding 
practices. It was while he was with 
Westinghouse that Hal began studying 
the then-new techniques of ladle in- 
oculation of cast iron. 


Hal received his B.S. degree in chemi 
cal engineering from Purdue University 
and his M.S. in metallurgical engineering 
from the University of Pittsburgh. Au 
thor of more than 25 publications in the 
field of metallurgical processing, he has 
demonstrated his broad interests in his 
active participation in the work of pro 
fessional societies. He has just been se- 
lected Chairman of the Papers and Pro- 
gram Committee of the Gray Iron Divi 
sion of the American Foundrymen’s So- 
ciety, the Division of which he is also 
Vice Chairman. Hal is also Chairman of 
the Inoculation and the Microstructure 
Committees, and is active in several 
other committees. He has been named 
Assistant Secretary of Committee A-3 on 
Iron Castings of the American Society 
tor Testing Materials. He is also active in 
the American Society for Metals, the 
American Institute of Mining, Metal- 
lurgical and Petroleum Engineers, and 
the Instrument Society of America. 


The Lownie’s children, 6 and 2, help 
to spark Hal's photographic hobby. Their 
home benefits from his do-it-yourself ap 
proach, and the family’s finances may 
benefit from Hal's activities as Director 
of a social-stock investment corporation 
composed of serious hobbyists. 
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Advantages 
of 
Diversification 


by Leo C. BatLey 


Diversification is here to stay, but companies 
must plan carefully to diversify successfully. 


HATEVER THE UNDERLYING REASONS, Company diversification 
has been clearly one of the most distinctive characteristics of 
American business development during the past ten or fifteen years 

Almost every issue of the leading business magagines and news 
papers headlines another move of some well-known company to 
merge, integrate, or diversify. Certainly merger and integration are 
neither new nor novel. They have been characteristic methods for 
corporate expansion during almost every prosperous period for 
which we have records. But diversification, with its objectives of 
attaining both growth and stability, is not synonymous with either 
merger or integration. A brief definition of terms may help clarify 
the point that diversification is different 

Integration generally implies a policy for greater coverage of a 
given business field by participation in more of the stages between 
raw material and ultimate market or more intensive coverage of a 
single stage. As such, it is a policy of control, one that gives a 
company greater control over supply, production, or markets. Be 
cause of the different characteristics of an industry at different 
stages, integration achieves one form of diversification. It carries 
all the risks and opportunities of dependence on a single industry 

Merger, on the other hand, is merely a method of corporate com 
bination, which may or may not achieve diversification and _ in 
tegration. Generally, a merger involves a purchase of one company 
by another under various arrangements so that the purchased com 
pany loses its corporate existence 

Diversification, as the name implies, is a policy or management 
philosophy of operating a company so that its business and profits 
come from a number of sources, usually from diverse products that 
differ in market or production characteristics. In an extreme case 
the component parts of a diversified company may have no direct 
logical relationship to each other except those resulting from finan 
cial strengths or managerial ability. Commonly, other more tan 
gible and definable relationships do exist, although they may not 


be obvious. 


Hypothetical example of why and how a manufacturer of 
professional-grade paintbrushes might decide to diversify 
into the manufacture of drop-cloth kits for the 
do-it-yourself. market 








DIVERSIFICATION—-A_ LonG-RANGE PoLicy 

If the forces favoring policies of integration and 
the practice of mergers are segregated temporarily, 
there are still several strong reasons to explain the 
widespread current business interest in diversification. 
Among these reasons are (1) the conduct and results 
of basic and applied research, which provide the 
product opportunities necessary for many diversifica- 
tion ventures; (2) growth and change of the American 
economy, which provide many of the needed market 
opportunities; (3) the inflexibility of marketing and 
staff costs relative to those of production; (4) social 
pressures from both labor and management for sta- 
bility and security; and (5) persistent general shortage 
of top management talent which encourages a strong 
company to broaden its activities. Of course, these are 
general and underlying reasons for diversification that 
may not be apparent in an analysis of a particular 
diversificaton venture. Similarly, the immediate and 
obvious reasons—eliminating seasonality or cyclical 
fluctuations, expanding sales, increasing profits, and 
opening new growth channels—are usually traceable 
to one or more of the five basic and persistent factors 
cited above. This point is made to emphasize the 
author's belief that diversification is no passing fancy 
or offspring of World War II but is here to stay. The 
methods for accomplishing it may change with fluctua- 
tions in the business cycle or shifts in government 
policy, but there is strong evidence that certain forms 
of diversification are becoming a permanent part of 
the American business scene. 


Research and Product Change 


Consider research as one of the five foster parents 
of diversification. Not too many years ago there was 
no synthetic fiber except rayon. There were no plastics 
of commercial importance except celluloid and Bake- 
lite. There were few electronic products except ra- 


dios. Organic chemicals were confined pretty muc 
to pharmaceuticals. And iron, steel, copper, tin, lead, 
and zine were the materials that the man in the street 
would mention if asked to name our important metals. 
Research has changed that picture drastically, not only 
for the broad, basic materials of industry but for a 
host of their end products. Just as effectively, research- 
developed machinery and production methods have 
changed the ways by which even old, familiar prod- 
ucts are manufactured. The effects on industry have 
been enormous. No existing field is safe from tech- 
nological obsolescence, and that force alone will foster 
continued interest in diversification. 

Research and change are almost synonymous. Or- 
ganized team research and development has emerged 


as the “safest” way to assure a steady flow of pey 


processes and products, whatever their purpose, () 


ganization for stability, the Maginot Line of busine« 


thinking, is being replaced by organization for fle, 


bility and change. 


Economic Change 


Simultaneous with the development of new pro 
esses and products, the world’s economy itself is chang 
ing. The two go hand in hand to make and absorb th 
products of industry and to encourage diversificatig, 


Confining discussion to the United States, whos 


size, diversity, and natural wealth emphasize change«! 


effective elsewhere, there are a number of noteworth 


facets to the picture. First, as production become: 


more and more based on inanimate energy, it }y 


comes cheaper in terms of human effort. In oth 
words, the absolute essential needs of man are Satis 
fied with less and less effort. In this situation, we ap 
turning constantly to the production of less essent 
but pleasure-giving products and to working less, Thy 
nonessentials that man can make to satisfy his wish 
limitless 


Fortunately for industry, the bounds of his wishes 


or to complicate his life are apparently 


also seem to have a high upper limit. Certainly th 


possibilities for altering color, form. quality, and \ 


riety of products has provided a steady supply 
diversification opportunities for companies making 
such things as automobiles, small and major appliances 
paints, and textiles. This basic consumer philosop] 
of shifting his purchases of nonessentials among 
wide range of products and of increasing his standar 
of living is not going to cease unless war or ot! 


catastrophe reduces us to a subsistence level 


Distribution and Staff Costs 


Although engineering, science, management 


labor seem continually capable of increasing pi 


The author has participated Im nu 


¥ 
? 


merous management studies pertain 
ing to industrial marketing, diversifica \ 
tion planning, area development, and 


research organization. One particularly 
significant study was under the aus 
pices of the Development Fund of Th« 
Ohio State University. It dealt with 
factors influencing industrial location 
in Ohio. Recently he played a key 
part in the establishing of Battelle-Europe’s ecé 
nomic research activities 
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ductivity in manufacturing, there are several areas of 
business Where the man-hour input stays relatively 
high, where the resultant costs are less flexible, where 
change takes more time, and where feeling still domi- 
nates fact. The chief of these areas is distribution. 
nother is in the use of supporting staff. Both bear 
importantly on diversification. 

In an economy that can absorb growing quantities 
and varieties of nonessential products, the opportu- 
nities for sales success can be exploited best by com- 
panies having a highly developed, sophisticated mar 
keting and staff organization. Market research be 
comes necessary to detect subtle product preferences 
to guide marketing and production strategy, and to 
anticipate shifts in buying habits. Advertising and sales 
promotion specialists utilize skills, experience, and con 
tacts that can be transferred from one product line to 
others without a proportional increase in staff size or 
costs. The same applies to such line and staff activities 
as fund raising, architecture, plant location, site selec 
tion, layout, purchasing, and many phases of industrial 
engineering. From the standpoint of management, 
there are cost-saving and control advantages in spread- 
ing these skills among a variety of products. Although 
highly developed staff organizations exist primarily in 
large companies, the tendency to spread costs and 
abilities over a wider line of products is important to 


companies of all sizes 


It commonly takes longer to develop management 
and markets than to develop products. Wartime ex 
perience with new products and the performance re 
ords of companies with a long history of diversification 
by internal growth have established the feasibility of 
using existing management organizations, sales forces 
and dealer or customer contacts to handle a variety 
of more-or-less related products. In fact, the per 
formance of such companies as American Home Prod 
ducts, Borg Warner Motors. General Dy 
American Machine and Foundry, W. R. Grace 


Textron, and The Borden ( ompany seems to indicat 


General 


namics 


that top-management philosophy, policies encouraging 
quite autonomous decentralized operations, and well 
established marketing organizations contribute much 
more to the success of diversified operations than do 
similarity of materials and production processes in 


widely varied product lines. 


Stability and Security 


\ fourth factor creating pressure for continued in 
dustrial diversification is the general trend among 
many segments of society and government to improve 
economic stability and security. Without going into 
detail, it is obvious that there is a general trend to 
ward fringe benefits for all types of employees, toward 


stockholder interest in both consistent dividends and 


This suitability rating scale. shows the extent t which a hypothe tical produc t. sh apn d plasti drop covers for furniture 
satisfies diversification criteria set by a paintbrush manufacturer 
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appreciation of investment values, toward labor union 
emphasis on some form of “guaranteed annual wage”, 
toward management and government dedication to 
avoiding either a major business depression or run- 
away inflation, and toward general recognition of the 
advantages of a stable, predictable high level of in- 
come. When these are added to existing and expected 
shortages in many categories of professional and 
hourly employees, the poor future of an unstable busi- 
ness becomes evident. 

It is a paradox that business rigidity seems to 
germinate economic instability. These factors explain 
much of the interest in diversification among parts 
suppliers, construction and capital equipment manu- 
facturers, and companies traditionally associated with 
a single material or market. While diversification un- 
doubtedly creates new management problems, it is 
coming to be viewed as the best method of insuring 
growth or at least stability of employment, sales, and 
earnings over a long period. Interestingly enough, 
many of these companies are seeking stability in new 
and rapidly changing fields where a consistently large 
research effort is almost as necessary to maintain cur- 
rent position as it is for growth. It appears that this in 
itself will force a new stability in research activity 
that has been lacking historically, except in the most 
far-sighted organizations. 


Management Scarcity 


A fifth force pushing toward long-range adoption 
of diversification by American industry is the perennial 
scarcity of top-management personnel. This is a prob- 
lem quite separate from the widely discussed shortage 
of technical manpower. In fact, as technology and 
other fields of special knowledge carve firm footholds 
in business organizations, the need for good general 
management to plan, direct, and control their use 
increases. As staff activities grow, the role of a business 
manager becomes more and more like that of a military 
commander. He must understand and use an ever- 
increasing variety of special skills, keeping all in the 
best balance for attack on changing problems and 
conditions. The need for this high level of ability in 
planning, organizing, staffing, and control puts a pre- 
mium value on utilizing qualified management people 
over as broad an area as possible. Where top manage- 
ment is strong but not fully utilized, there is a powerful 
incentive to acquire or develop new products, new 
divisions, and even new affiliated corporations. In a 
company where top management is deficient, acquiring 
it by hiring or merger may also be accompanied 
deliberately or incidentally by diversification. 


STAGES IN DIVERSIFICATION PLANNIN« 





Whether diversification is desired for better stability 
survival, better profits, greater growth potential. or | 
more effective utilization of management, resources 
and facilities, its inclusion as a basic company policy | 
needs careful consideration and planning. No matter 
what methods are chosen as the most suitable Wavs 
to diversify, each can be expected to absorb a good 
share of management attention and company funds 
before it begins to pay off. 

Reduced to simplest terms, there are only three or | 
four ways of diversifying. The quickest, but not neces. 
sarily the least expensive or easiest, is by merger with | 
or acquisition of a going concern. The slowest may by 
development of new products internally through 
search, but its time requirements and small scale start 
permit management to meet and solve many small 
Intermediate 


problems before they mushroom. 


speed are the development of new uses and markets 


for existing products and the entry with established 
products into fields already covered by competitors 


It is clear that each of these approaches to civersifica 


tion has its own peculiar problems of organizatio 


management, finance, and profit structure 


Company Soul Searching 


Any subject as much in vogue as diversification 
needs particularly sharp analysis when it is suggest 


as the cure for company troubles or the road to som 


utopian state not presently enjoyed. Rather, it seems 
that poor profits, declining sales, organizational w 
rest, and failure to keep pace with the growth ol 
general business should be tried for size ag:.inst man) 
other possible causes before they are blamed on lack 
of diversity. Even seasonality of sales can often be 
traced to a lack of imagination in exploiting all pos 
sible markets or in changing established use patterns 
Thus the first stage in any sound form of diversifica 


tion planning has two elements of self-appraisal: 


1. Determination of strengths and weaknesses i! 
the company’s present business, including pol- 
icies, organization, personnel, products, produc 


tion, markets, costs, and _ profits. 


2. Determination of the degree of ability and in 
terest in diversifying including: 
a. unity of management support 
b. financial resources 
c. production facilities 
d. marketing organization and experience 
e. research organization 


f. engineering and service organization 
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Establishing Objectives 


if defensive or growth strategy still indicates the 
yeed and strong desire to diversify after such an 
analysis, the next logical phase of planning is the 
establishment of specific objectives .What is expected 
of diversification? What problems must it solve? What 
compromises would be acceptable in meeting lesser 
goals? If company policy is one of taking advantage 
of financial opportunities almost without respect to the 
product involved, this phase is not a difficult one. 
Objectives can be defined in strictly financial terms 

a certain volume of business, certain investment in 
plant, certain rates of return on sales and investment. 
definable tax position, and similar conditions. Com- 
monly, however, there are more complex problems 


relating to such elements of the business as: 


1. Seasonality or cyclical nature of sales. 

2. Channels of distribution. 

3. Definiton of desired market position. 

4. Prestige of company and brand names. 

5. Utilization of idle buildings and equipment. 
6. Utilization of sales contacts, organization, and 


staff. 

7. Location of raw materials, production, and 
markets. 

8. Time schedule of expected returns. 

9. Profit and cost patterns 

10. Growth potential. 

ll. Research requirements to achieve and maintain 


position. 


Even these do not exhaust the full range of objec- 
tives that may be pertinent or even essential for a 
given company to define what it expects from diver- 
sification and to fit these wishes into a realistic relation- 
ship with its current strengths and weaknesses. As a 
final consideration, flexibility should be built into the 
plan. At its best, a company intending to make diver- 
sification a lasting, successful element of its manage- 
ment philosophy should be ready to exploit unplanned 


and unexpected opportunities when they arise. 


Diversification Criteria 

With objectives defined, the next phase is to develop 
methods for measuring opportunities against the 
stated objectives. For many aspects, suitable measure- 
ments exist in regular reports, charts, and financial 
statements or special analyses prepared from them. 
Others can be compiled from market statistics, produc- 
tion cost estimates, and sales records, when these are 
available. Still others (particularly those relating to 
intangible similarities or differences in production, 


markets, products, and organization) can be ranked, 


if not accurately measured, by imaginative use of bat 


charts, rating scales, index numbers, or other means. 


MetuHops OF DIVERSIFICATION 


The prime methods of diversification were men- 
tioned earlied as: (a) internal research and develop- 
ment; (b) acquisition of companies or patents; (c) 
developing new use patterns and markets for existing 
products; and (d) broadening product lines to include 
items already made by competitors. Each has its own 
merits and difficulties. In actual practice, a company 
with firm plans to diversify may be wise to include 
elements of all four. 

The chances for innovation, strong patent protection, 
and high profits are generally best if diversification is 
achieved by research and development. It has the 
added advantages of permitting the company to grow 
with the problems, studying or solving them in steps 
as developments progress from laboratory, through 
pilot operation, to full production. A strong technical 
position can also make it easier to obtain outside 
financial help, if needed, or to justify retention of 
earnings for expansion. Opposed to these definite ad- 
vantages, successful development of new products to 
the point where a return is realized may take years 
or may never be achieved at all. It is this risk and 
time lag that force many companies that have never 
supported a continuing research program and that are 
faced with a survival problem to seek diversity by 
other routes. 

Acquisition of patents or merger with other going 
concerns are much quicker ways to diversify. Super- 
ficially, it would seem that investment requirements 
might be higher and per cent returns lower than for 
a company willing to face the risks and delays of an 
internal development program. This is not always true. 
The purchased company may have excellent products 
and technical position but may lack capital, sales 
organization, general management ability, or other 
things that make it a bargain for a purchaser who can 
supply the missing elements. Similarly, business condi- 
tions in the industry of the purchaser or seller may 
enhance the value of time. The chance to launch and 
“digest” a new building products division during sev 
eral years of peak construction volume may more than 
compensate for a high initial purchase price. How- 
ever, this need for digestion—-the time and problem 
of fitting the new organization into the old—is one of 
the greatest drawbacks of diversification by merger. 
Another, which often results from the speed necessary 
to negotiate purchase of an attractive and available 
going concern, is that there are no intermediate steps 
from which to change course or to turn back. As in- 








surnace against this risk, a number of companies with 
successful merger histories have organized teams 
skilled in quick analysis of opportunities to acquire 
new business or patent rights. In one case the team, 
headed by the comptroller, is supplemented by repre- 
sentatives from the technical and legal staffs, com- 
mercial research, production, and general manage- 
ment. Another company, which prides itself in ability 
to acquire good management as well as good product 
lines, depends largely on a personal appraisal of the 
prospective business by a top executive, who can then 
negotiate purchase quickly if he believes it advisable. 
Finding new uses and markets for existing products 
is a very real and effective method of diversification. 
It is one that should be considered seriously during the 
first phase of diversification planning. While generally 
most applicable to a basic material, there are numerous 
examples to demonstrate its potency in other fields. 
Among these are fiberboard, adhesive-coated tapes, 
various types of packaging, power lawn mowers, home 
power tools, and a wide range of home appliances 
all adapted from specialized industrial or commercial 
application to broader consumer markets. 
Manufacture of unpatented products already made 
by competitors is a familiar and unspectacular form 
of diversification. But it, too, requires planning and 
has its share of risks. For example, it seems quite a 
logical step for a producer of refrigerators to initiate 
a new line of electric ranges or for a manufacturer 
of automative supplies to begin making appliance 
parts. However, as many companies have learned by 
bitter experience, brand reputation, sales organization, 
and consumer acceptance are not so easily developed 
as a production line. And often the characteristics of 
one industry are too much like those of another for 
real diversification to be achieved by a relatively 
simple addition of new products or new customers. 
It is critically important to recognize the immediate 
and long-range features of these different methods of 
diversifying. None is a panacea, but each has ad- 
vantages in particular situations that can be exploited 
by management fully cognizant of how they apply to 
company policies, objectives, and capabilities. 


SEARCHING AND SCREENING 


Searching for and screening diversification op 
portunities is much like any other research under- 
taking. The obvious possibilities are generally highly 
competitive—otherwise they would not be obvious. 
The best opportunities for spectacular returns are 
highly speculative, usually requiring a long period of 


business or laboratory development with uncertain 


chances of success. And, in between, are a large num 
ber of more-or-less attractive opportunities, usualh 
each demanding some compromise of objectives wig) 
reality and especially needing the same type of imagj 
native, dedicated follow-through that makes any com. 
pany stand out in its field. 

The sources of diversification ideas are too broad 
for thorough description here. From a strictly tech 
nical viewpoint, the engineers and scientists of a larg 


versatile research laboratory are one of the best sources 


of educated opinion on the future of new materials 


products, and processes on probable competition to by 
encountered; and on the technical needs of the jp. 
dustries they serve. This applies more to industrial 
products than to those slanted toward consumer may 
kets, where salesmen, designers, advertising specialists, 
and consumer opinion researchers may be better at 
idea generation. Similarly, while all of these groups 
may recognize certain types of needs and _ products 
they are not usually familiar with the business prob 
lems that must be faced in satisfying these needs o 
making and selling the products. 

For these reasons, specialized teams of men fron 
the companys own staff or from consulting organiza- 
tions are often successful in spotting promising op- 
portunities from a variety of sources, culling out the 
obviously unacceptable ones, and preparing reports on 
the well-screened remainder. From these reports, man- 
agement can either make selections and take actior 
or request further information in the form of mor 
detailed reports. It is seldom worthwhile to develo 
such detail before a preliminary screening. Out of 
several hundred product or company suggestions, ofter 
less than a dozen will merit full investigation. Finally 
the decision of management is often a negative one 
on all possibilities, and the general broad search may 
be continued for an indefinite period. Continued scan- 
ning is well worth while for any company dedicated 


to long-range growth and diversification 


ACTION AND FoLLow-Up 

Just as a successful laboratory experiment is only the 
first step in the development of a new product, the 
immediate steps toward diversification are only the 
beginning. Each new product line should be followed 
with the 


too often con 


and developed—-but dropped if necessary 
same interest and enthusiasm that are 
fined to the initial search and acquisition. Certain 
fields of business may always remain specialized, but 
a company that plans to diversify successfully will find 
that the policy is not one to be applied once and thet 


dropped after a finite series of steps. 
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Nuclear 
Metallurgy 


by Henry A. SALLER 


A review of the special problems associated 
with nuclear metallurgy of interest to those 


considering entrance into the atomic energy field. 


N THE COURSE OF THE DEVELOPMENT of atomic 


energy, it soon became apparent that many of the more 
dificult problems lay in the field of materials. Since 
many of the there evolved a 


specialized field known as “nuclear metallurgy’. This 


materials are metals, 
article will discuss the specific metals and special 
problems that make up the technology on nuclear 
metallurgy. 

While the metallurgy of nuclear materials is cer 
tainly young compared with the metallurgy of iron, 
steel, brass, and the like, it has received considerable 
attention and publicity. With the expansion of the 
atomic energy industry and with more and more com 
panies considering entrance into the field, the interest 
in the metallurgical problems will become even 
greater, Therefore, it seems worthwhile, at this time, 
to review the types ot problems encountered thus far 
and to indicate likely problem areas of the future. 


METALS OF INTERES! 


{ nuclear reactor contains a relatively large number 
of metals which serve a variety of functions. These 
metals are generally considered according to their 
function in the reactor since special properties are 
required to fulfill each function. 

Fuel is the most important single material and the 
heart of nuclear metallurgy. It is this material that, 
under proper conditions, is fissionable and thus makes 
possible the chain reaction. Without the fuel, reactors 
as we now know them would be impossible. 

Uranium, as the only fissionable material occurring 


in nature, is. of course. the best known and most im 
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that can be converted to fuel by reaction with me utrons 


portant fuel material. Two of the isotopes of uranium 


are fissionable. The one, uranium-235. is contained in 


small quantities (0.7 per cent) in natural uranium. 
The other, uranium-233, is produced in a reactor from 
thorium. Plutonium, which is produced from the non- 
fissionable isotope of uranium, uranium-238, is also a 
fuel since it is fissionable. Interest in plutonium as a 
fuel will increase in the future as larger quantities 
our military 


become available and as requirements 


are met. 
Closely related to fuels and of great importance are 
the fertile materials. These materials have the prop 


erties that, while they in themselves are not fissionable 








they can, under proper conditions, become fissionable. 
Such materials include thorium which becomes ura- 
nium-233 and the uranium isotope, uranium-238, which 
becomes plutonium. 

A second class of materials very important to re- 
actor construction is the fuel diluents and cladding 
materials group. For many reactor applications, it is 
desirable to dilute the fissionable portion of the fuel 
with some material other than uranium-238. In such 
cases, some sort of uranium alloy is employed. Like- 
wise, the relatively low strength and poor corrosion 
resistance of uranium or most of its alloys makes it 
desirable to enclose or clad the fuel. Metals employed 
as diluents or cladding materials are selected on the 
basis of cross section (see below ), corrosion resistance, 
strength, and fabricability. The more common cladding 
and diluent metals include zirconium, aluminum, and 
stainless steel. 

In thermal reactors, it is necessary to incorporate in 
the reactor core a material known as a moderator, 
which serves to slow down the neutrons produced from 
fission and thus increase their chances of striking ar 
atom of fuel and causing further fission to occur. These 
materials are selected primarily for their nuclear prop- 
erties—that is, their ability to slow down neutrons. The 
metal beryllium has excellent properties for use as a 
solid moderator. 

In order to control the speed at which the fissioning 
process occurs, it is necessary to incorporate materials 
into the reactor that have a tendency to absorb 
neutrons. These materials are arranged in such a way 
that they can be moved in or out of the reactor and, 
thus, by absorbing more or less neutrons, control the 
reaction rate. Such materials again are selected pri- 
marily on the basis of nuclear properties and include 
boron, cadmium, cobalt, and several of the rare-earth 
elements. 

Still another type of materials is required to serve as 
the framework for supporting and containing the fuel, 
moderator, and control materials. These materials are 
selected primarily for strength, corrosion resistance, 
and radiation stability. Stainless steel and zirconium 
have been employed for this purpose. 

While there are other materials problems in the 
reactor outside of the reactor core, these are generally 
not common to reactors alone and have received at- 
tention from other branches of technology. These in- 
clude pressure vessels, heat exchangers, valves, piping, 
pumps, and the like. The nuclear metallurgist is only 
too glad to make use of information on these items 
supplied by the power industry. He can thus con- 
centrate on the peculiar problems related to his own 


field. 
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SPECIAL PROBLEMS AND ACCOMPLISHMENTS 
During the brief time that nuclear metallurgy has 
been in existence, a number of new and challenging 
problems have come forth. Several of these are shared 
by other branches of technology, but several of the 


most troublesome are unique to this field. 


Cross Section 


Probably, the first problem that greets the reactor 
metallurgist is that of thermal-neutron cross section 
the ability of any material to absorb neutrons. This 
nuclear property of metals rises up to plague him in 
several ways. In most metallurgical problems involving 


alloying as a means of improving a particular property 


alloying elements are selected on the basis of well. 
established physical metallurgical theories. In this 
field, it almost invariable happens that the ideal alloy- 
ing element has an extremely high cross section and 
must, therefore, be ruled out. This has led to some 
novel, in fact, weird approaches to the development of 
alloys. Cross section appears frequently in unexpected 
places. Many of the common binders or glazes for 
ordinary melting crucibles contain boron. This renders 


them useless. Many useful brazing alloys likewise con 





HENRY 


Death came to the author suddenly 
while type was being set for this issue 
of the Battelle Technical Review. It came 
only shortly after his appointment as as 
sistant technical director. In the vears 
since he joined Battelle in 1941, Salles 
had become one of the country’s leading 
authorities in the field of reactor 
terials and metallurgy. In addition to 
his important technical responsibilities at 
Battelle, he was active in committee work 


\. SALLER 


Illa 





for the Atomic Energy Commission 

Saller first achieved prominence in Ad 
atomic energy research when he served _ 
as a consultant in the fabrication of the first 50 tons of uranium 
for the prototype of the Hanford reactors. Later he directed 


studies of materials for important reactors including that of th 


submarine Nautilus. 

Last year, he coauthored two papers presented at the Geneva 
Conterence on Atomic Energy. Earlier this vear, he visited Eng 
land as a member of an AEC committee that reviewed nuclear 
fuel element development in that country 


tain boron. This novel problem of cross section is found 
even in using common metals like stainless steel. It 
was learned through bitter experience that much of 
the niobium used to stabilize stainless steels contains 
appreciable amounts of tantalum which has a rela- 
tively high cross section. However. many special heats 
of low-tantalum stainless steel have been made for 
reactor application. 
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Purity 

Based on cross section and other nuclear considera- 
tions, great emphasis is placed on the purity of metals 
for reactor application. This has been particularly 
true in the case of uranium and thorium and has led 
to use of very elaborate refining and production tech- 
niques. Probably the best known example of the de- 
mand for pure metal in the reactor field is the case of 
zirconium. All zirconium, as it occurs in nature, con- 
tains varying amounts of hafnium which has a very 
high cross section. Practically all the hafnium must 
be removed from zirconium before it is acceptable for 
reactor use. While the ultimate solution to this separa- 
tion problem was not metallurgical, it was of great 
importance to the metallurgist. The successful accom- 
plishment of separating hafnium from zirconium gave 
the reactor metallurgist an ideal diluent and cladding 
material for pressurized water reactors. The metal- 
lurgists joy at having hafnium-free zirconium was 
short-lived, however. He soon found that very small 
quantities of several other impurities could seriously 
impair the hot-water corrosion resistance of the metal. 
This problem was first solved by using a modified 
deBoer process (thermal decomposition of the iodide ) 
to purify the metallic sponge produced by the Kroll 
process (magnesium reduction of the chloride ). Even- 
tually, alloys were developed which could tolerate 
these impurities and still retain good corrosion prop- 
erties and thus eliminated the costly repurification of 


zirconium sponge. 


Reduction 


Since both uranium and thorium had been produced 
in only gram-size quantities prior to the advent of 
nuclear energy, one of the first problems posed to the 
metallurgists was that of developing reasonably large- 
scale production facilities. Several methods such as 
calcium or magnesium reduction of the halides or elec- 
trolysis of the fluorides of uranium and thorium had 
been used on only a laboratory scale. The problem 
was complicated by the fact that the metals are very 
active chemically with the atmosphere and with most 
container materials. This prevented the use of any con- 
ventional open-type reduction process. Eventually, the 
metals were produced by the calcium or magnesium 
reduction of the fluorides in a completely enclosed 
ceramic-lined steel container called, appropriately 


enough, a “bomb”. 


Melting 

This same high degree of chemical reactivity made 
melting and casting of these metals particularly dif- 
ficult. For uranium and thorium, the solution lay in 
the use of carefully selected ceramic materials for 
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method of fabricating an 


Cutaway view showing the 


alloy fuel plate 


crucibles and molds plus melting under a vacuum. 
Melting under a vacuum on a relatively large scale 
presented many difficulties which have been largely 
overcome. It may safely be stated that many of the 
developments in large-scale vacuum melting, which we 
enjoy today, are the result of efforts to melt uranium 
and thorium. 

The solution for zirconium was not so simple. A 
completely satisfactory crucible material for zirconium 
still has not been developed. The current solution is to 
avoid any cruicible reactions by arc melting the metal 
in a water-cooled copper crucible. It was fortunate that 
the need for arc-melting facilities for titanium and 
molybdenum became apparent at this same time; the 
burden of developing suitable arc-melting equipment 
was thus shared by those interested in melting all 
three metals. 

The melting of beryllium has not been completely) 
solved. At a fairly early stage in the development of 
beryllium technology, it was discovered that powder 
metallurgy had many advantages over melting and 
casting. The technique is employed even for the pro- 
duction of billets which are subsequently fabricated to 
other conventional 


shapes by extrusion rolling or 


methods. 


Fabrication 
Thorium and zirconium presented only minor prob- 


Both well at 
normal fabricating temperatures and by conventional 


lems in fabrication. metals fabricate 
methods. Any fabrication requiring prolonged heating 
does dictate the use of some sort of protective media 
such as salt or an inert atmosphere. 

The fabrication of uranium has caused considerable 
difficulty. Heating for even short periods of time in the 
atmosphere results in severe oxidation. Protection pre- 
ferably by a salt is essential for all hot fabrication. 
Otherwise, uranium is reasonably well behaved. 








Cladding 


As was mentioned previously, neither uranium nor 
thorium nor most of their alloys are corrosion resistant 
in reactor coolants. Also, they are not strong at reactor 
temperatures. It is therefore necessary to clad the fuel 
or fertile material to give the resulting member ade- 
quate strength and corrosion resistance. While clad- 
ding has been performed successfully for many years, 
it was generally limited to cladding the flat surfaces of 
the base metal. For reactor applications, it is es- 
sential that all surfaces of the fuel or fertile material 
be completely covered. Ingenious methods for ac- 
complishing this cladding have been developed. They 
are based on a number of fabrication procedures in- 


cluding rolling, extrusion, and pressing. 


Physical Metallurgy 


Probably one of the most amazing developments in 
nuclear metallurgy has been the large amount of basic 
metallurgical information that has been acquired about 
the metals uranium, thorium, plutonium, zirconium, 
and beryllium. At the start of the nuclear research 
program in 1941, there was virtually no reliable in- 
formation on such matters as melting point, tensile 
properties, conductivity, and constitutional diagrams. 
In the past 15 years, sufficient data have been deter- 
mined to fill several volumes. 

No discussion of the problems associated with nu- 
clear metallurgy would be complete without consider- 
ing the anisotropy of the uranium. This means simply 
that the thermal-expansion coefficients in the three 
crystallographic directions are different; in fact, one is 
negative. Thus, if a crystal of uranium is heated, it 
expands in two directions, but contracts in the third. 
It is easy to imagine the effect this has in large pieces 
made up of many crystals. Because of this effect, the 
properties of uranium are very sensitive to fabrication 
techniques and heat treatment. 


Radiation Effects 


Another problem peculiar to nuclear metallurgy is 
one associated with the effects of radiation on metals. 
It has been most discouraging to have developed fuel 
elements which, after long effort, have passed all the 
tests for corrosion resistance and strength, but then 
have failed in the reactor. The effects of radiation are 
complex and cannot be discussed in detail here. They 
have offered a serious challenge to the nuclear metal- 
lurgist from two viewpoints. The first is concerned 


with studying the effects of radiation and trying to 
understand the basic phenomenan. The second is con- 
cerned with devising methods of evaluation to predict 
behavior in a reactor. 


The basic study of radiation effects in metals has 


been going on for several years and considerable prog 


ress has been made. The mechanism is still not suf. 
ficiently well understood, however, to allow complete 
dependence upon theoretical prediction of radiation 
behavior. 


Evaluation techniques for predicting radiation ef.- 


fects are, therefore, still required. It would be desir- 
able to have simple out-of-pile tests which could be | 
used to predict radiation damage. While several such 
tests appeared promising when first developed, none 
has been completely satisfactory. For this reason, it is | 
necessary to test all new materials, alloys, and com 
ponents in a reactor under simulated operating condi- 
tions in order to determine the effects of radiation on 


a particular material. Such studies require very elabo- 





rate equipment including “test reactors” and “hot 


cells”. Both types of facilities have been described i 


numerous articles. 


Toxicity 

The many problems involved in nuclear metallurgy 
listed above have been further complicated by the 
toxicity of several of the more important metals. Ura 


and 


nium, thorium, and plutonium are radioactive 
present health problems, particularly because of the 
bodily damage that results from inhaling their fumes 
and dust. Plutonium is the most dangerous since it 
is not excreted from the body as rapidly as uranium 


or thorium. While bervllium is not radioactive, it is | 


_ 


very toxic, and inhaling of its dusts and fumes must be 
avoided. This health problem has made it necessary 
to perform many of the metallurgical operations such 
as melting, fabrication, and machining in elaborate 
hoods or other ventilated equipment. 


This review has summarized most of the problems 


the reactor metallurgist has been facing. Solving them 
of course, will not be the end, for other problems will 
continue to arise. Consider, for example, the difficulties 
that will accompany efforts to increase temperatures it 
future reactors. However. if metallurgists continue to 
receive the technical and financial support which has 


and 


made available to them the best in equipment 
skilled manpower, they will solve the challenging prob- 


lems of the future. also. 
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NOTES 


BATTELLE 


DUCTILE MOLYBDENUM WELDS 


Many of molybdenum’s properties recom- 

mend it for high-temperature use. However 

its wider use awaits the overcoming of dit 

ficulties in welding the metal. 
Battelle technologists, in an for the 


number of 


investigation 


Atomic Energy Commission, studied a 
variables which affect the room temperature ductility 


Monroe, N. E. 


study 


of molybdenum weldments. R. E. 
Weare, and D. C. Martin 
covering a number of metals, best ductility was ob- 


report that in a 
tained from experimental 0.7 per cent titanium alloys 
and from carbon-deexidized molybdenum with a low 
(0.025 per cent) carbon content. Since the titanium- 
neutralized alloys proved little better than the com 
mercial the tech- 


nologists concluded that future work should be limited 


carbon-deoxidized molybdenum, 
to commercial materials until there is evidence that a 
desired end product cannot be fabricated from such 
materials. 

The investigation showed that the two most im 
portant factors contributing to over-all improvement of 
ductility were welding in a high-purity helium atmo- 
sphere and grinding the surface of the completed weld. 

The technologists made some other important ob- 
servations and discoveries during the course of the 
study. They found that chromic acid etchant is equal 
to or superior to any other cleaning method studied. 
They also found that neither heat treatment before 
welding nor rolling the molybdenum sheet in a protec- 
tive jacket affected the metal’s ductility after welding. 


oa COOPERATIVE GROUP RESEARCH 

\ report of a survey, Research by Coopera- 
tive Groups, has been issued by the Na- 
tional Science Foundation. It is one of a 
series which, when completed, will provide the first 


over-all view of scientific research and development in 
the United States. 

The survey report reveals that in 1953, 543 coopera 
tive groups—trade organizations, professional and 
technical societies, agricultural cooperatives, and re 
search-educational cooperatives—spent $21 million for 
research and development. Most of this was for tech- 
nical research and development—amainly in the chemi- 
cal and engineering sciences. Approximately 70 per 
cent went for applied research and 30 per cent for 
basic research. Of the groups studied, professional 
and technical societies devoted most funds to basic 
research, while trade associations spent most for ap- 
plied research, 

Trade associations accounted for 60 per cent of 
expenditures agricultural cooperatives 15 per cent, 
professional and technical societies 10 per cent, and 
research-education cooperatives 5 per cent. Expendi 
tures by individual organizations ranged from less than 
$100 to nearly $1.7 million. One-third of the reporting 
173 
dollar volume of group research ($18 million ). 

The study was made and the report prepared by 
Battelle. Authors were Harry W. Barr, Jr., Victor A. 
Feldmiller, and James B. Purdy. 

According to Dr. Alan T. Waterman. director of the 
National Science Foundation, “This report is significant 


not only through the determination of the volume of 


organizations | spent seven-eighths of the total 


research carried out by cooperative organizations, but 
also through pointing up the influence which such re- 
search support has upon research policies and practice, 


particularly in industry”. 


a DIFFUSION ALLOYS 
Metal sandwiches, formed by electroplating 
differing metals on top of one another, have 
turned into evenly blended metal alloys by 
technologists at Battelle 

Such blended sandwiches, known as diffusion alloys, 
are of interest to manufacturers whose metal products 
must be exposed to corrosive environments, such as 
very hot gases. The alloys serve as coatings to protect 
the underlying metal, which may possess several re- 
quired strength propetries but lack high-temperature 
corrosion resistance. Two metals, combined as an al- 
loy, often give a better protective surface than a single 
metal 

Electrochemists at Battelle performed a number of 
experiments from which they learned that homogene- 
ous, or well-blended, alloys could be created without 
melting them. First, the research men electroplated 














alternate thin layers of two metals, such as nickel and 
chromium, into the metal part to be protected. Then 
they heated the part and its coating at temperatures 
near 1800 F. At this temperature, atoms of both nickel 
and chromium shifted positions and moved into layers 
of the other metal. Even though 1800 F 
below the melting points of the two metals, nickel 


was much 


and chromium, this treatment was sufficient to produce 
a homogeneous alloy in the short time of four hours. 

These results of research, done for the Navy Bureau 
of Aeronautics by Battelle Institute, were reported 
earlier this month at the 43rd annual convention of the 
American Electroplaters’ Society, Washington, D. C. 
in the paper, “Properties of Electrodeposits at Elevated 
Temperatures’, by W. H. Safranek and G. R. Schaer 
of Battelle. 


oe DUST AND FUME CONTROL 
A manufacturer found it desirable to dry 
its fertilizer to a lower moisture content. 
Because speed was required to get the 
dryer and dust-collection system installed so as not to 
interfere with the company’s production schedule, de- 
sign of the new equipment was based upon fertilizer 
samples prepared at another plant. The schedule was 
met, but the difference in materials used at the modi- 
fied plant resulted in a dust and fume problem which 
the new equipment could not readily handle. Dust 
was carried into the nearby residential area. 
Cooperative the Smith Agricultural 
Chemical Company and Battelle technologists resulted 


studies by 


in a number of steps which satisfactorily cleared up 
the conditions. These were reported at the Annual 
Meeting of the Air Pollution Control Association at 
Buffalo, New York, by G. F. Sachsel, and J. E. Yocom 
of Battelle and F. A. Retzke, of the Smith Agricultural 
Chemical Company. The final successful remedial 
actions were taken only after a step-by-step study of 
the entire process and the related machinery. These 
actions included the addition of a dry multitube cy- 
clone dust collector with water nozzles in its inlet box 
and the construction of a stack 100 feet high to help 
disperse any remaining dust and fumes. With these 
changes, complaints from neighbors ceased, and mu- 
nicipal authorites have commended the company for 


its effective action. 


* It is known that good summer turf growth re- 
quires a slow but steady supply of nitrogen as 


well as adequate moisture. 


Chemists have proposed that fertilizers containing 
urea formaldehyde products in addition to quickh 
available nitrogen can provide nitrogen in useful 
amounts without repetitive application throughout th 
growing season. This proposal is based upon the fact 
that urea formaldehydes (which contain nitrogen 
are known to disintegrate slowly in soil. 

Studies at Battelle, supported by Swift and Com 
pany, verify this hypothesis. For the Battelle studies 
6-10-4 experimental compositions were prepared. They 
were designed as one-application fertilizers for lawns 

All fertilizer applications during the study were 
made only once, in the spring. On the basis of total 
weight of grass clippings obtained over the summer 
months, fertilizers containing urea formaldehyde with 
an activity index of water-insoluble nitrogen of 57.3 
were concluded to provide the most adequate turf 
growth. They also produced a greater weight of clip- 
pings than either activated sewage sludge or con- 
ventional fertilizer compositions with equivalent. ni- 


trogen contents. 


* Ronald F. 


of Battelle's reactor metallurgy research division 


Dickerson has been appointed chief 


Since joining the Institute, he has participated in melt 
ing, casting, and metallographic studies relating to 
reactor metallurgy. His investigations have contributed 
to the identification of nonmetallic inclusions in ura- 
nium and to the development of techniques for the 
vacuum-induction melting of various reactor metals 
He is a graduate of Virginia Polytechnic Institute with 
both a B.S. and M.S. in metallurgical engineering 
The appointment of Stan J. Paprocki as chief of a 
new fuel element devolpment division has also been 
announced. Since his association with the Institute 
he has participated in the development of fabrication 
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